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Abstract 
This paper proposes a makeshift approach to carbon accounting in Egyptian towns, which takes into account the limited 
resources of local municipalities and the widespread lack of available data. Egypt is highly vulnerable to climate change. 
Escalating temperatures, water scarcity, and rising sea levels threaten all parts of society. Cities absorb a growing portion of the 
increasing population and are especially exposed to the precarious effects of global warming. Consequently, there is an emergent 
need for mitigation and adaptation measures in urban areas, which presuppose an adequate accounting of the local greenhouse 
gas emissions. This paper suggest a series of six steps that can be followed by municipal decision makers to estimate their 
emissions by collecting existing information on site and utilizing systematic approximations to make up for missing statistics.   
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Introduction 
Due to its arid climate, limited water resources and long coastlines, Egypt is especially vulnerable to climate 
change. Egyptian cities play a vital role in this struggle: they must reduce their own emissions and employ strategies 
to make their populations and infrastructures more resilient against the adverse effects of climate change. In order to 
develop tailor-made strategies that bring down the production of greenhouse gases in an urban area, it is essential to 
first establish the carbon footprint of the town in question. Only then can specific measures be developed to curb 
emissions in the most effective and cost-efficient way, as commanded by local circumstances. 
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To this day, no feasible approach has been brought forward to approximate carbon emissions in Egyptian urban 
areas. Especially smaller cities and towns often lack the capabilities and financial resources to conduct complex 
studies. This paper therefore proposes an unpretentious yet adequate methodology to establish a workable estimation 
of GHG emissions in small urban centers, which prepares local decision makers for the development of adequate 
reduction measures. The required techniques were developed and tested in the framework of a six-month semester 
project at TU Berlin Campus El Gouna, which established Egypt’s first urban-scale carbon footprint for the Red Sea 
resort town of El Gouna [1]. 
This paper aims to provide preliminary suggestions in response to the question of how to sufficiently estimate the 
carbon footprint of small and medium Egyptian towns under the restrictions of limited resources. The remainder 
proceeds as follows: First, an overview is given of the role of cities on climate change and the necessity for town-
based carbon accounting. Second, the role of Egyptian towns is described, focusing on the peculiar challenges of 
small and medium sized urban centers. Third, the proposed makeshift approach to estimate carbon emissions is 
introduced, including experiences from the testing process in El Gouna. Fourth, the transferability to other Egyptian 
towns is discussed. 
 
1. Cities and Climate Change 
1.1. Global urbanization 
Cities are the culmination points of global transformation. They are the driving force behind most major 
developments that determine how humans live and interact with each other and with their surroundings. More than 
half of the world’s population lives in urban areas, which cover only 2% of the earth’s surface but produce 70% of 
global GDP [2]. As shown in Figure 1, the proportion of the urban population is expected to increase to 66% by 
2050, implying that cities will be home to 6.3 billion people [3]. While Northern America (82%) and Europe (72%) 
are already vastly urbanized today, Africa (40%) and Asia (48%) are still predominantly rural. All regions are 
urbanizing further, yet Africa and Asia will experience the highest growth rates, projected to reach urbanization 
rates of 56% respectively 64% by 2050 [3]. 
Urbanization is unevenly distributed in terms of city size. About half of the world’s city dwellers reside in 
settlements of less than 500,000 inhabitants. Only 12% live in one of the 28 megacities of more than 10 million 
inhabitants [3]. On an aggregated scale, urban migration streams are directed much more at smaller cities than at 
large metropolises – especially in regions, whose societies were predominantly characterized by a rural lifestyle 
until recently. As UN-Desa explains, “the fastest growing urban agglomerations are medium-sized cities and cities 
with less than 1 million inhabitants located in Asia and Africa” [3]. 
 
 
Figure 1: Global urban and rural population from 1950 to 2050  
Source: LSE Cities (2014) 
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1.2. Interrelations between cities and climate change 
Cities are a major contributor to the causes of climate change. They consume two thirds of the world’s energy 
and cause more than 70% of global greenhouse gas (GHG) emissions [5]. Consequently, UN-Habitat states that 
“urban centres have become the real battle-ground in the fight against climate change” [5]. 
Urban areas differ greatly with respect to their GHG emissions. On average, cities that are richer, less dense, and 
predominantly produce energy from coal emit more greenhouse gases per capita than their poorer, denser, or 
regenerative counterparts [6]. Other important factors that influence urban carbon footprints include the prevailing 
types of industries, construction methods, modes of transportation, and the residences’ activities and behaviors. 
Furthermore, the degree of deforestation, land-cover changes, agricultural utilization, quality of waste disposal, 
types of power generation, and intensity of refrigeration and air conditioning also play important roles for the 
quantity of GHG emissions [5]. 
1.3. Vulnerable cities 
Cities are particularly vulnerable to the effects of climate change. The C40, a network of the world’s major cities, 
estimate that “almost 50% of cities are already dealing with the effects of climate change, and nearly all are at risk “. 
UN-Habitat identifies seven types of challenges that will impact urban areas and their populations in varying 
intensities [5]: 
 
x Warmer and more frequent hot days and nights 
x Fewer cold days and nights 
x Frequency increases in warm spells/heat waves 
x Increased frequency of heavy precipitation events 
x Increase in areas affected by drought 
x Increases in intense tropical cyclone activity 
x Increased incidence of extreme high sea levels 
As a result, cities will face increased difficulties to provide basic services, including “water supply, physical 
infrastructure, transport, ecosystem goods and services, energy provision and industrial production” [5].  
One major threat for many settlements is flooding – by sea, inland water bodies, or rain. According to the World 
Bank, “fifteen of the world’s 20 megacities are at risk from rising sea levels and coastal surges” [6]. All in all, 90% 
of all urban areas are located in coastal zones, i.e. less than 10 meters above sea level, which puts them at risk of 
flooding in the case of rising sea water levels [7]. Low elevation regions may suffer from sea water intrusion, 
erosion, and a loss of livable and arable land. While about 197 million people lived directly exposed in the midst of 
hazardous flood plains in 1990, this number is expected to increase to between 313 and 561 million in the 2080s [8]. 
Beyond threats to the built and natural environments, floods also pose serious health concerns in the form of 
diarrheal diseases, typhoid, and cholera [5]. 
Climate change may lead to prolonged heat waves, resulting in droughts, wildfires, crop failures, and famines [8]. 
UN-Habitat warns that within cities “extreme heat events negatively impact upon human health and social stability, 
increase energy demand and affect water supply”. Furthermore, “urban heat-island effects can aggravate the heat-
related negative implications of climate change and impose costly energy demands on urban systems as they attempt 
to adapt to higher temperatures” [5]. Further impacts of altering weather conditions include stress on water 
resources, diseases, traffic disruptions, landslides, land degradation, reduced economic activities, and lower 
agricultural yields [5]. 
The effects of climate change influence different parts of urban populations in dissimilar ways, threatening 
especially the most disadvantaged groups. The Intergovernmental Panel on Climate Change states that “poor 
communities can be especially vulnerable, in particular those concentrated in high-risk areas. They tend to have 
more limited adaptive capacities, and are more dependent on climate-sensitive resources such as local water and 
food”.  And further, “the poor, who make up half of the world’s population and earn less than US$2 a day, cannot 
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afford adaptation mechanisms such as air-conditioning, heating or climate-risk insurance” [9]. Other vulnerable 
population groups encompass the elderly, the very young, and individuals with pre-existing health conditions. Since 
more than 90% of urban growth is currently taking place in developing countries, these brimming cities are also the 
least equipped to deal with the effects of climate change and the associated environmental and socio-economic 
challenges [5].  
1.4. City-based solutions 
Cities are not only the main contributors to the causes of climate change but also possess unique qualities to abate 
emissions and counteract the effects of global warming. As the World Bank points out, urban areas “can […] be 
models of environmental efficiency, because increased density and better management reduce the cost of service 
delivery, promote innovation, and enable prosperity through economic development” [6]. By employing holistic and 
integrated strategies, urban areas can generate resilience, which UN-Habitat defines as “the inherent ability of a city 
or town and its citizens to withstand impacts and rebuild or reorganize itself when necessary” [10].  
1.4.1. Mitigation and adaptation 
The two major forms of managing climate risks are the mitigation of climate change and the adaptation to the 
resulting consequences [9]. While mitigation aims to prevent climate change from worsening, adaptation lays out 
strategies to resume life under its destructive effects. For an effective climate change policy cities need to engage in 
both strategies simultaneously and in an integrated manner [6]. In terms of mitigation, the World Bank proposes five 
sets of solutions to limit cities’ contributions to climate change: “(a) increasing urban density, (b) improving urban 
design to avoid sprawl, (c) improving city public transit, (d) changing building practices, (e) and changing sources 
of energy” [6]. As for dealing with existing and coming risks, UN-Habitat stresses that “a city that provides its 
citizens with good infrastructure, affordable and adequate housing and economic opportunities and minimizes 
disaster risks is already in a good position in terms of adaptation” [10]. 
1.4.2. Compactness 
A key factor for designing climate sensitive cities is compactness. The more compact a city is, the more 
sustainable it tends to be: it requires less infrastructure and energy for transportation, while providing more and 
cheaper services [6]. As the World Bank puts it, “cities, especially dense city centers, represent our best chance to 
improve quality of life for the greatest number of people across the world” [6]. In a similar way, UN-Habitat states 
that “dense urban settlements […] enable lifestyles that reduce per capita GHG emissions”, because “the economies 
of scale, as well as proximity and concentration of enterprises in cities, make it cheaper and easier to take the actions 
and provide the services necessary to minimize both emissions and climate hazards” [5]. 
1.4.3. Prompt action 
The costs of delaying action to counteract climate change are substantial. Retrofitting existing structures can be 
four times more expensive than building in a climate sensitive way from the beginning [11]. In contrast, prompt 
action to update building codes, promote urban density, and construct proper transport systems will save future 
energy costs, while also creating more livable cities with inclusive and participatory societies [6]. Comprehensive 
consideration ought to be given to all forms of current infrastructure investments, as “the structures we build now, 
including roads and buildings, could last for a century or more, setting the trajectory for greenhouse gas emissions at 
a critical time for reining these in” [12]. 
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1.4.4. Green economic growth 
Reducing GHG emissions is not opposed to economic growth. LSE Cities finds in a worldwide sample of 90 
cities that “93% of city governments expect their green policies to have a positive economic impact” [2]. For most 
cities, green economic development is a key part of their overall political agenda, with 65% of cities describing 
economic growth as a primary goal of their green policies. The majority of cities expect economic impacts from 
green policies to include growth, job creation, inward investment, innovation, entrepreneurship and attracting skilled 
workers [2]. Cities like Stockholm and Copenhagen have already proven that economic growth and lower carbon 
emissions can go together [12]. 
 
2. Egyptian Urban Areas: Current Situation and Challenges 
2.1. Urbanization in Egypt 
While still predominantly rural, Egypt is urbanizing quickly. As depicted in Figure 2, a quarter of the population 
lives in the metropolitan areas, encompassing Cairo, Alexandria, Suez, and Port Said. Another 17% reside in urban 
areas across Lower and Upper Egypt. However, the majority of a combined 58% of Egyptians still dwell in rural 
areas [13]. However, Egypt’s urban population is projected to almost double from about 36 million to 69 million [3]. 
As a result, the degree of urbanization will rise from 42% to 66%. On the national scale, Egypt will grow by one 
million people per year until 2030 [14]. Afterwards, growth is expected to slow down, yet the total population will 
rise from 85 million in 2015 to 122 million by 2050 – most of which will have to be absorbed by cities [3]. 
 
 
Figure 2: Spatial distribution of Egyptian population in 2012  
Sources: World Bank (2013), Assaad & Krafft (2013) 
2.2. Egypt’s contribution to climate change 
Egypt’s contribution to global greenhouse gas (GHG) emissions is relatively modest. According to data from the 
World Bank, Egypt produced 2.6 tons of CO2 per capita in 2011. As shown in Figure 3, this constitutes only little 
more than half of the world’s average of 4.9 tons. In contrast, the whole of the MENA-region produced 6 tons on 
average, significantly more than global levels [16]. Considering Egypt’s currently favored model of dispersed 
urbanization, a preference for extremely low densities in new urban developments, persistent population growth, and 
changing behavioral patterns towards more “modern” lifestyles, it is safe to assume that national and per capita 
amounts of GHG emissions will rise considerably in the coming years [17]. 
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Figure 3: CO2 emissions in metric tons per capita from 2006 to 2011 
Source: World Bank 
2.3. Impacts of climate change on Egyptian cities 
Climate change poses a serious concern for Egypt’s future.  Likely effects include dwindling water resources, 
enduring desertification, crop failures, crumbling infrastructures, weakening public health, and deteriorating 
livelihoods [18]. UNDP estimates that 2% to 6% of future gross GDP could be lost due to the effects of climate 
change [19]. 
An especially alarming risk is posed by flooding. Figure 4 shows that more than 20% of Egypt’s urban 
population, equivalent to over 10 million people, live in low-elevation coastal zones. UN-Habitat warns that “sea-
level rise projections from 2030 to 2050 indicate that Egyptian cities in the Nile Delta will be severely affected, 
including Port Said, Alexandria, Rosetta and Damietta” [5]. Accordingly, Alexandria has been included in  
UN-Habitat’s ranking of the ten cities that are most vulnerable to flooding in terms of exposed population [5]. 
 
 
Figure 4: Urban populations in low-elevation coastal zones in 2000  
Source: World Bank (2010) 
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3. The Makeshift Approach 
“National governments may set the rules of the game, but it is cities that are the athletes.” (World Bank, 2010) 
3.1. Carbon accounting in cities 
The first step towards the reduction of greenhouse gas (GHG) emissions on an urban scale is the identification of 
local emitters, followed by the accounting of resulting emissions across various sectors. The Greenhouse Gas 
Protocol, the most widely used accounting tool for GHG emissions, states: 
 
“A city’s ability to take effective action on mitigating climate change, and monitor progress, 
depends on having access to good quality data on GHG emissions. Planning for climate action 
begins with developing a GHG inventory. An inventory enables cities to understand the 
emissions contribution of different activities in the community.” [20] 
 
Accordingly, many cities around the world have begun to estimate their emissions on an annual basis, including 
for instance London [21] and Paris [22]. Due to scale effects, big metropolises can easily afford to invest a 
considerable share of their budget and working time into the evaluation of their emissions. The smaller a city, 
however, the higher the burden of the corresponding cost implications tends to be on municipal finances. 
After analyzing a city’s GHG emissions and establishing an overview of the most crucial emitters, the obtained 
information ought to be translated into concrete emission reduction measures. For this purpose, big consulting 
companies, such as McKinsey [23] or Bloomberg [24], offer sophisticated and expensive CO2-abatement-cost 
analyzes. However, the high financial demands of such tools render them unfeasible for Egyptian cities, which are 
coping with very moderate budgets. The World Bank recently released a free tool for carbon accounting and  
CO2-abatement-cost calculations, called MACTool [25], which is geared to enable local actors to create cost-curves 
that are similar to the ones offered by commercial consultancies. However, the demand for input data is immense 
and requires advanced knowledge of various city facilities and insights into financial resources. Many Egyptian 
municipalities do not collect the required data, nor do they possess the know-how to process them. 
3.2. An approach for carbon accounting in Egyptian cities 
The UN identifies five principles, which ought to be obeyed for any carbon accounting process. They include 
transparency, consistency, comparability, completeness, and accuracy of the collected data [5] [26]. Since Egyptian 
towns and cities often lack the necessary resources to employ exhaustive mechanisms to estimate their GHG 
emissions, a makeshift approach is required that respects common international standards, while also making 
provisions for local circumstances. To this end, the following methodology is proposed, which is relatively 
unassuming in its complexity and can be easily reproduced with a limited amount of financial commitment and 
manpower. The approach consists of six steps: 
 
1. Define the boundaries of primary, secondary, and tertiary emissions. 
2. Cluster the emitters into nine sectors. 
3. Determine their actual emission sources. 
4. Collect consumption data from local stakeholders. 
5. Overcome missing data with systematic assumptions. 
6. Estimate the carbon emissions. 
  
159 Christoph Banhardt and Felix Hartenstein /  Procedia Environmental Sciences  34 ( 2016 )  152 – 163 
3.3. Implementing the approach 
The following sections provide a guideline to operate the proposed makeshift approach and its six steps. The 
procedure is illustrated by the case study of El Gouna, a private resort town on the Red Sea coast of Egypt, located 
450 km southeast of Cairo. An interdisciplinary term project between the Departments of Energy Engineering and 
Urban Development was carried out at TU Berlin Campus El Gouna in the winter semester of 2014/15 with the aim 
of estimating local GHG emissions and proposing suitable counter measures. Students of both departments 
collaborated in mixed teams to develop the underlying approach and verify its operability through a hands-on testing 
process. This was the first time that such a town-scale carbon accounting exercise was conducted in Egypt [1]. 
3.3.1. Step 1: Define primary, secondary and tertiary emissions  
The first step is to define the boundary conditions for the emission calculations. Most commonly, three major 
layers of emissions are used [27]. The first are primary emissions, also called first scope emissions. These emissions 
are directly emitted within the city borders. They can be caused by the combustion of fuel (i.e. in vehicles, 
generators, and open fires) or by fermentation processes (i.e. on garbage deposit sites).  
Second scope emissions are indirect emissions, which are caused by processes outside of the municipal borders 
but are directly related to practices within the town itself. This scope primarily consists of the emissions that are 
produced in power plants, which provide the electricity for city-based activities, including the usage of all electric 
devices, such as air-conditioners, heaters, tools, machines, lighting, and home appliances.  
Third scope emissions are due to processes occurring outside of the city limits to produce raw materials, 
commodities, and consumables, which are eventually consumed or employed within the borders. Furthermore, the 
emissions caused by the corresponding transportation of these goods from the production site to the city are also 
included. In the example of El Gouna, this scope entails almost all consumables, such as food, furniture, home 
appliances, and electronic devices, as well as construction materials. On top, incoming tourists and other visitors 
also need to be considered as a source of tertiary emissions as they make use of highly polluting modes of 
transportation (i.e. airplanes and motorized vehicles) to get to El Gouna. Figure 5 illustrates the defined emissions 
scopes and respective emitters for the case of El Gouna. 
 
 
Figure 5: GHG emitters and emission boundaries in El Gouna  
Source: Banhardt & Hartenstein 
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3.3.2. Step 2: Cluster the emitters 
As shown in Figure 5, there are several types of emitters in each of the three scopes. In the inner layer, for 
example, the emissions of public and private transport have to be considered as well as the direct burning of fuel, 
like a barbeque grill or a gas oven. Some activities may appear in more than one scope. For instance, heating the 
water of a swimming pool can be achieved either directly by burning oil or gas (scope 1), or indirectly by utilizing 
an electric heating system (scope 2).  
To simplify the data collection and the evaluation of the results, it is recommended to cluster the emitters into the 
following nine sectors: production and machines, transportation, waste, heating, cooling, lighting and appliances, 
water, imported goods, and travels. Some categories may be skipped if the predicted share of emissions can 
assumed to be relatively low. To establish which sector is significant and which may be left out, the following 
control questions can be used. The respective sector should be considered if at least one of its control questions can 
be answered with “yes”. 
 
Table 1: Control questions for the relevance of GHG emission categories  
Emission sectors Control questions 
First scope emissions   
Local production and machines Are any products manufactured within the city? 
  Is there a distinguished industrial zone? 
  Are there many construction sites? 
Public and private transportation Are there frequent traffic jams or car accidents? 
  Is there a public, diesel based, transportation system within the city? 
  Is there a port or a marina? 
Waste management Is there a garbage treating facility? 
  Is there a landfill? 
Direct heating systems Do many homes have gas fired heating systems for hot water or cooking? 
  Is there a gas-pipeline to the city or a regular oil supply? 
Second scope emissions   
Indirect heating systems Do most of the private households have electric boilers? 
  Is it common to switch A/C systems to heating mode in winter? 
Air-conditioning systems Are there many split-unit A/C systems installed on the outside of buildings? 
  Are there frequent blackouts during the early night hours in summer? 
Lighting and home appliances Is it common to use incandescent light bulbs? 
  Do most of the private households have a TV or a fridge? 
Water treatment Is there a seawater desalination plant? 
  Is there a golf course? 
  Are there artificially irrigated fields or greenery? 
Third scope emissions   
Imported goods: construction materials Are there many construction sites? 
 Is most of the cement brought from other cities? 
  Are most buildings erected based on skeleton constructions? 
Imported goods: foodstuff Do the local stores sell many imported products? 
 Are most of the consumed food products produced outside of the city? 
Imported goods: consumables  Are their shops for electronic devices? 
 Can most of the people afford a smartphone or a computer 
In- and outbound traffic Are there many commuters to or from the city? 
  Does the town have noteworthy historical sites or tourist attractions? 
 Are there many hotels? 
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3.3.3. Step 3-6: Estimate carbon emissions through available data and systematic approximations 
The following section gives an overview of the emitters and their actual source of GHG emissions, which may be 
indirect through electricity or direct through a form of thermal combustion. It demonstrates how required 
information can be easily collected around the city and offers advice to overcome missing data with systematic 
approximations. Furthermore, it proposes simple calculation methods and online based calculators for carbon 
accounting, which can be utilized to process the collected data. 
After clustering the emitters into the nine sectors, their actual source of GHG emissions needs to be determined. 
Household emissions predominantly tend to be indirect emissions through electricity, unless cooking devices or 
water heating systems are installed that run on fossil fuels, such as gas, wood, or oil. Commercial and industrial 
processes can either rely on direct combustion (e.g. diesel generators) or electricity from the grid. Traffic is mostly 
driven by combustion engines, with the exception of electrified trains. 
Local production and machines mostly have a mixture of direct and indirect emissions. Construction side 
equipment is often directly powered with diesel engines or generators, while factories are mainly connected to the 
electric grid. Manufacturers mostly know their own consumption through their energy bills. These bills can be 
utilized to determine the amount of used energy (mainly electricity or fuel), which in turn can be converted into 
GHG emissions by using available prime energy factors. 
Public and private transportation in Egypt is almost exclusively based on fossil fuels. The carbon emissions of 
this sector can be estimated through the amount of fuel that is sold at local filling stations. For simplicity it may be 
safe to assume that the amount of “exported” fuel due to outbound traffic is equal to “imported” fuel due to inbound 
traffic. Once again, prime energy factors help to establish the associated GHG emissions. In the case of El Gouna, 
there are four gas stations – two for cars and two for boats. By means of an unpretentious traffic analysis, which 
mainly consisted of counting different vehicles at various times of the day, the fractions of private and public 
transportation as well as the shares of several vehicle types in town could be determined.  
Waste treatment causes emissions mainly through the transportation of garbage, the operation of recycling plants, 
and rotting processes in landfills. To avoid duplications, the first two aspects can be included in the above sectors of 
public and private transportation, respectively local production and machines, leaving only the landfills to be 
considered. In El Gouna, garbage-related emissions were calculated by the amount of organic waste, a major emitter 
due to the release of very harmful methane gasses, and the size of the landfill. Non-organic waste was not assessed 
due to its slow decay, which makes it a (very undesirable) form of carbon storage. The amount of biological matter 
per week was known by the local recycling company, which separates El Gouna’s garbage and keeps track of the 
amount of trucks that take organic waste to the landfill. Cities and towns without such a regulated recycling system 
need to estimate the amount of organic waste in their landfills more crudely by visual observations.  
Heating can be achieved through direct or indirect applications. Direct heating systems are present mainly in 
large scale applications such swimming pools or central hot water systems in big apartment blocks or hotels. The 
responsible entities usually know about their fuel consumption and can be consulted for this information. Most hot 
water in Egyptian households is produced with indirect heating systems, which use electricity. Their share of the 
overall electric demand can only be measured at formidable costs (e.g. through the installation of separate energy 
meters). Similar limitations apply for lighting, home appliances, and cooling systems, e.g. air-conditioners.  
A more feasible approach is to determine the total amount of consumed electricity and distribute it across the 
abovementioned sectors. Virtually any urban area has a transformation station that records the exact annual 
electricity demand of the served zone, which can be converted into GHG emissions through a prime energy factor. 
The latter may be based on the overall national grid or the nearest power plant and its respective fuel type. The 
respective shares of heating, cooling, and home appliances with regards to the total domestic electricity consumption 
can only be based on representative studies. As such reports do not yet exist for Egypt, the required information 
must be obtained from other international surveys, preferably from a country with comparable demographic, socio-
economic, climatic, and technological characteristics. 
Water provision and treatment rely on a multitude of different processes. The required pumps for driving water 
through the pipe system can be included in the sector of production and machines. If desalination takes place, which 
becomes ever more frequent in Egypt, it usually occurs through reverse osmosis. The highly energy intensive plants 
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are often operated with dedicated diesel generators, as they are invulnerable to blackouts. The associated fuel 
demand can be obtained from the plant operators.  
Water recycling can take place in in many dissimilar ways, entailing a wide range of technical and biochemical 
methods. The required machinery can be included in the respective sector above. Estimating the emissions of rotting 
processes in the water recycling plant requires a detailed understanding of the specific system. If this knowhow is 
absent, approximations can be obtained from internet sources. Otherwise, water treatment has to be omitted from the 
accounting exercise. 
Imported goods contain all material items that are brought to the city for consumption or further processing. 
Their GHG emissions can be estimated only very crudely. Local stores can be consulted about the types and 
amounts of products sold. Several calculators are readily available online to establish the carbon footprint of 
numerous product categories. A particular interest should be paid to the amount of imported concrete and other 
energy intensive building materials used in the city. Through the number of constructed buildings and their 
respective size, the average demand for the components can be estimated. Again, calculators on the internet can be 
used to establish the amount of GHG emissions. 
Travels entail all in- and outbound traffic of the city under investigation, including motorized vehicles, trains, and 
airplanes. Commuters to and from an urban center can contribute a considerable share of total emissions. The 
amount and types of vehicles traveling beyond city borders can be counted and extrapolated with relatively little 
effort. The destinations and average travel distances need to be established through driver surveys. Tourism may 
also add significantly to travel emissions. Hotels can be contacted for the number of tourists and their origins. 
Airplane emissions can be derived through the number of incoming and outgoing planes and their destinations. 
Related amounts of GHG can be derived from various emission calculators for air travel. 
4. Transferability and Limitations 
The proposed makeshift approach was developed and tested in El Gouna, which is a resort town and as such does 
not constitute a representative urban setting. The socio-economic composition of El Gouna differs greatly from the 
average city in Egypt, so do the built environment and the dominant activities and usages. El Gouna’s advanced 
infrastructure allows for the collection of data, which may not be available elsewhere in Egypt. For instance, the 
local electricity provider, El Gouna Electrics, records the hourly power consumption of every household. These 
statistics permit a very detailed overview of consumer behavior, electricity usage, and eventually GHG emissions.  
At the same time, El Gouna is a touristic destination and receives a high amount of foreign and domestic visitors. 
Seasonal fluctuations are common and it is difficult to estimate the amount of people present in El Gouna at any 
given moment. The number of permanent residents is also imprecise – a fact that El Gouna shares with most other 
towns and cities across the country. 
In conclusion, the conditions of El Gouna are unique and limit the transferability of the suggested methodology. 
Notwithstanding, the underlying techniques were developed to take into consideration a possible lack of data as well 
as a shortage of financial and technical resources. As such, the makeshift approach may well serve as a useful 
template to be followed by Egyptian municipalities that cannot afford more sophisticated measures but wish to gain 
a fundamental understanding of their local GHG emissions as a first step to counteract the looming effects of climate 
change. 
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